3 of 33 7 of 33 consisted in Supelclean™ prepacked coconut charcoal EPA 521 tubes, 2g/6ml, supplied from Supelco. 145 A mixed standard containing haloacetonitriles (HANs), trichloronitromethane (TCNM) and haloketones 146 (HKs) (EPA 551B Halogenated Volatiles Mix) and internal standard 1,2-dibromopropane were supplied 147 from Supelco. All reagents not specified were obtained from Fisher Scientific. 148 149
Preparation and analysis of chloramines 150
Monochloramine (NH 2 Cl) stock solutions were prepared daily by slowly adding sodium hypochlorite 151 (NaOCl) into a rapidly stirred ammonium chloride (NH 4 Cl) solution adjusted to pH = 8.5 with sodium 152 hydroxide, and using a Cl:N molar ratio of at least 1:1.2 to avoid breakpoint chlorination resulting from 153 local excess of hypochlorite (Mitch and Sedlak, 2002) . Adjusting the pH at 8.5 minimizes the 154 disproportionation of NH 2 Cl to dichloramine (NHCl 2 ), since NHCl 2 forms at pH < 8 (U.S. 155
Environmental Protection Agency, 1999) according to the equilibrium: 156 2NH 2 Cl + H + = NHCl 2 + NH 4 + (1) 157
Free chlorine and total chlorine concentrations in the stock solutions of sodium hypochlorite were 158 determined iodometrically with sodium thiosulfate 0.1 M (Prolabo, >99.9%). Initial NH 2 Cl and NHCl 2 159 concentrations were determined by spectrophotometric measurement using their respective molar 160 extinction coefficients at 245 nm and 295 nm and solving simultaneous equations (Schreiber and Mitch, 161 2005) . Residual chloramines were analyzed iodometrically (Eaton et al., 1995) . 162 163
Chloramination experiments 164
All glassware used during these experiments was washed with deionized water and baked at 500 °C for 165 at least 5 hours prior to use. Reactions were conducted in sealed 1 L amber glass bottles at 20 °C in a 166 temperature-controlled room, under dark conditions to avoid photolysis of NDMA. Chloramination 167 experiments were conducted following the approach of Mitch et al. (Mitch et al., 2003) , using high 168 8 of 33 concentrations of NH 2 Cl (200 to 300 mg/L as Cl 2 ) and a reaction time of 5 days for most of our 169 experiments. NH 2 Cl remained in excess during all the reaction time. Solutions were prepared by 170 dissolving a pre-determined amount of compound in 1 L of 10 mM acetate, phosphate or carbonate 171 buffer. 100 mL of preformed monochloramine was then added to the working solution. Chloramination 172 experiments were conducted in triplicate. All series of experiments were completed with the 173 chloramination of a corresponding blank solution. 174
At given contact times, 350 mL of samples were transferred for residual chlorine, HANs and AOX 175 analyses, and 750 mL were processed for nitrosamines analyses. 176
Percent molar yields were calculated using the initial molar concentration of the studied compounds, 177
following Equation 2. 178 
Effect of pH 313
To assess the influence of pH on the formation of DBPs, NH 2 Cl (2.5 mM) was applied to ranitidine 314 solutions (3 µM) in deionized water buffered at pH ranging from 4 to 10 (Table 3) . NDMA, HANs, 315
HKs, and TCNM were analyzed after a contact time of 5 days. NDMA formation from chloramination 316 of ranitidine exhibited a maximum (59.6% yield) at pH 7.9, which is similar to 62.9% reported in 317 Schmidt et al. (2006) for the same conditions. Amitriptyline and mifepristone followed similar trends, 318 forming much less NDMA at pH 10 than at pH 8 (Table 2) formation of NDMA at pH 7.9 compared to pH > 8. However, kinetic modeling of NH 2 Cl 325 decomposition indicates that NHCl 2 is not present in important amounts at pH 7.9. Furthermore, NDMA 326 formation from ranitidine at pH where NHCl 2 is the major specie (i.e. pH ~ 4) was much lower than at 327 pH 8, indicating that other factors than chloramines speciation may play a role in NDMA formation 328 mechanisms. Thus, ranitidine acid-base equilibrium (pKa = 8.2) could explain the decrease of NDMA 329 formation when the protonated form of ranitidine decreases at pH > 8 (Figure 2 ). At pH < 8, NDMA 330 15 of 33 formation seems to be strongly dependent on the NH 2 Cl concentration in the solution, and was not 331 enhanced by the presence of NHCl 2 . 332
As shown in Table 3 , important amounts of trichloronitromethane (TCNM) were formed from ranitidine 333 at acidic pH (12.57% at pH 4). The amounts of TCNM formed decreased as the pH was raised from 334 pH 4 to pH 10, but were still higher than other chlorinated DBPs at neutral and basic pH. Whereas 335 NDMA formation was maximum around pH 8, DCAN, 1,1-DCP and 1,1,1-TCP exhibited a maximum 336 formation yield at pH 7. Moreover, TCAN formation from ranitidine was low and relatively constant 337 AOX formation was constant from pH 4 to 7 and then decreased at alkaline pH (Table 3) . As shown in 341 
Influence of dichloramine 346
To evaluate the influence of NHCl 2 on NDMA formation from ranitidine, preformed NHCl 2 or NH 2 Cl 347
(1 mM) were applied to ranitidine solutions. Previous research indicated that NDMA formation from 348 DMA and NHCl 2 was much higher than in the presence of NH 2 Cl (Schreiber and Mitch, 2006). Our 349 results showed that NDMA formation from 100 nM ranitidine buffered at pH 8 and after 24 h was 350 significantly lower with NHCl 2 than with NH 2 Cl (46.8% and 80.2% molar yields respectively, 351
Figure 4). 352
Total chlorine decay during our experiments with NHCl 2 was about 85% after 24 hours, while it was 353 only 25% with NH 2 Cl. Thus, NHCl 2 decomposition is more rapid than NH 2 Cl at pH around pH 8, which 354 16 of 33 could explain why less NDMA was formed in presence of NHCl 2 . The autodecomposition of NHCl 2 in 355 our experiments could be well simulated by the kinetic model of Jafvert and Valentine (1992 The use of the model showed that the residual chlorine concentrations of 0.3 mM analyzed after 24h of 361 contact time could be explained by the formation of NH 2 Cl from NHCl 2 decomposition, which is almost 362 complete after 24h. In this condition, the simulated NH 2 Cl exposure (i.e. the C.t value) represents about 363 38% of the NH 2 Cl exposure from direct NH 2 Cl addition. Thus, NH 2 Cl formed from the decomposition 364 of NHCl 2 could explain the amounts of NDMA formed during the chloramination of ranitidine using 365 dichloramine. These results seem to indicate that dichloramine would not be involved into the formation 366 of NDMA from ranitidine. No significant differences were observed for DCAN formation after the 367 application of either NH 2 Cl or NHCl 2 to 100 nM ranitidine at pH 8 (Figure 4) . 368 369
Influence of dissolved oxygen 370
It has been demonstrated that dissolved oxygen concentration plays a major role in the formation of 371 NDMA by chloramination of DMA (Schreiber and Mitch, 2006) . Moreover, a recent study showed that 372 the formation of NDMA from DMA could be catalyzed by activated carbon, and that the presence of 373 oxygen was a critical factor in this mechanism (Padhye et al., 2010). 374
In order to assess whether or not dissolved oxygen would influence the formation of NDMA from the 375 chloramination of other model compounds, 2.7 mM NH 2 Cl was applied to 3 µM ranitidine during 2h in 376 presence and in absence of dissolved O 2 . NDMA formation was significantly inhibited for low oxygen 377 4.01% and 54% respectively, Figure 5a) . 379
Dissolved O 2 concentration did not affect AOX formation as much as NDMA formation (Figure 5b From the seven compounds investigated in our study, four compounds contain dimethylamine 394 functional groups and exhibited yields higher than 1.15% (ranitidine, minocycline, doxepin, 395 amitriptyline). Especially, the pharmaceutical ranitidine is of great concern regarding its high 396 molar yield into NDMA (~60% at pH 7.9), as shown in earlier studies. 397  Such differences in NDMA formation can not be explained by the release of DMA and the 398 reactions of DMA with chloramines. More simple compounds than those described in the 399 present work need to be studied to improve our understanding of molecular structure influence 400 on the formation of NDMA. 401 than NH 2 Cl. However, we confirmed the implication of dissolved oxygen in NDMA formation 403 mechanisms. Dissolved oxygen was found to play a role into the formation of other 404 oxygen-containing DBPs (TCNM, 1,1-DCP and 1,1,1-TCP ranitidine and 2.7 mM NH 2 Cl over 2 h at pH 8.5 with 10 mM phosphate buffer. 620
